a r t I C l e S Fast excitatory synaptic transmission in the vertebrate brain is predominantly mediated by three classes of ionotropic glutamate receptors: AMPA receptors (AMPARs), NMDA receptors (NMDARs) and KARs. AMPARs mediate fast synaptic transmission, whereas NMDARs classically induce synaptic plasticity. Although the role of KARs is less understood, these receptors mediate both synaptic transmission and plasticity (for recent reviews, see refs. 1-5). Notably, KARs have a distinct expression pattern that is unlike that of AMPARs and NMDARs, which are found ubiquitously in the brain. In vitro autoradiographic techniques with [ 3 H]-radiolabeled kainate have revealed the strongest [ 3 H]kainate signals at the hippocampal stratum lucidum (where mossy fiber to CA3 pyramidal cell synapses are found), cerebral cortex, striatum and cerebellar granule cell layer 6 . The mechanistic basis for this distribution of high-affinity KARs in the brain is unknown.
Neuronal KARs mediate a characteristically slow excitatory postsynaptic current (KAR-EPSC) that was originally identified at the mossy fiber to CA3 (mf-CA3) synapse 7, 8 and has been demonstrated at other central synapses [9] [10] [11] [12] [13] [14] [15] [16] . When compared with AMPAR-EPSCs, the slow KAR-EPSCs provide a crucial synaptic mechanism for encoding temporal information 17 . In this manner, KARs can control spike transmission 18 and network activity 19 . Notably, the slow kinetics of native KARs contrasts with the fast activation, deactivation and desensitization of recombinant KARs. For example, although synaptic KARs typically show relatively slow decay time constants 7, 9, 20 , recombinant KARs desensitize/deactivate in a few milliseconds [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Although the underlying explanation for this discrepancy between recombinant and native KARs is unclear, a number of studies have attempted to pinpoint the molecular substrates that cause this disparity. Several candidate KAR-interacting molecules, including PSD-95, PICK1, GRIP, KRIP6, cadherin/catenin complex and Neto2, have been identified [31] [32] [33] [34] [35] . However, most of these studies have been performed using expression systems and, as a result, the molecular substrate controlling the slow kinetics of native KARs in the brain remains elusive.
We found that the distribution of KARs labeled with [ 3 H]kainate at the hippocampal stratum lucidum is determined by the KAR auxiliary subunit, Neto1, at postsynapses. Neto1 interacted with KARs in vivo, and Neto1 expression was reduced in the hippocampus from GRIK2 (also known as GluK2) knockout mice. In Neto1 knockout mice, we observed a selective reduction in the amplitude and decay kinetics of mf-CA3 KAR-EPSCs, which reconciles the difference in channel kinetics between native and recombinant KARs. Neto1 has been recently identified as an NMDAR-interacting protein regulating NMDAR function 36 . Unexpectedly, we found no biochemical and functional interactions between Neto1 and NMDARs. Moreover, presynaptic function remained unchanged in Neto1 knockout mice. Thus, our results indicate that two distinctive properties of native KARs, their high-affinity binding pattern in the brain and slow kinetics at postsynapses, are conferred by the KAR auxiliary subunit Neto1.
RESULTS

Hippocampus-abundant Neto1 interacts with KARs in vivo
To investigate the molecular mechanisms underlying the distribution of KARs typically revealed by [ 3 H]kainate binding pattern, particularly in the hippocampal stratum lucidum, we first examined protein expression levels of the KAR isoforms GluK2 and GluK3 and the KAR
Distinct distribution of high-affinity KARs is determined by Neto1
The KAR auxiliary subunit Neto1 is strongly expressed in the hippocampus (Fig. 1a) , particularly in the hippocampal stratum lucidum (Supplementary Fig. 1c ), where strong [ 3 H]kainate binding has been detected 6 . To examine the roles of Neto1, we generated Neto1 knockout mice. We obtained Neto1-targeted embryonic stem cells and germline-transmitted (Neto1 knockout) mice from the Knockout Mouse Project (KOMP, http://www.komp.org/). In this line of Neto1 knockout mice, the Neto1 gene was replaced with the β-galactosidase gene. Endogenous Neto1 promoter-driven β-galactosidase activity was strongest in hippocampal CA3 stratum pyramidale, and modest in cerebral cortex, striatum and hippocampal CA1 cells, as seen in the Neto1 knockout mice (Fig. 2a) , which is consistent with the Neto1 in situ hybridization pattern 36, 38 . The expression of KARs (GluK2/3, GluK5) and other synaptic proteins, including AMPA and NMDA receptors (GluA2/3, GluN1, GluN2A and GluN2B) and PSD-95, were not altered in Neto1 knockout mice (Supplementary Fig. 2a ). In addition, a specific interaction between Neto1 and KARs (GluK2/3 and GluK5) was confirmed by co-immunoprecipitation with antibody to Neto1 using the brain lysate from wild-type and Neto1 knockout mice (Supplementary Fig. 2b) . Next, we confirmed the distribution of Neto1 proteins in the brain by immunostaining with an anti-Neto1 antibody (Fig. 2b) 37 , a strong signal was observed in the stratum lucidum of wild-type mice, but not GluK2 knockout mice (Fig. 3a) . The [ 3 H]kainate signal was reduced in Neto1 knockout mice (Fig. 3a) , suggesting that Neto1 regulates the binding of [ 3 H]kainate to highaffinity KARs. To measure the difference in kainate binding more quantitatively, we performed a biochemical binding assay using [ 3 H]kainate (100 nM) and hippocampal membranes from each genotype. The specific [ 3 H]kainate signal was reduced by nearly 80% in the hippocampus from GluK2 knockout mice compared with the signal in wild-type mice, indicating that GluK2 is required for most of kainate binding in vivo (wild type, 1,533.2 ± 184.5 cpm; GluK2 knockout, 356.9 ± 91.1 cpm; n = 9, P = 0.00003) 37 . The GluK2-specific [ 3 H]kainate signal was reduced by 50% in the Neto1 knockout relative to the wild type (wild type, 1,176.3 ± 116 cpm; Neto1 knockout, 544.2 ± 155.8 cpm; n = 9, P = 0.0048), and no change was seen in KAR expression (Supplementary Fig. 2a) . The remaining signal could be a result of residual Neto2 expression or of KARs that do not associate with Neto proteins at preor postsynapses.
The high-affinity nature of KARs defined by [ 3 H]kainate labeling of brain sections could result from higher affinity binding of kainate or of slow off-kinetics of kainate from KARs 6, 39 . Accordingly, we examined the effects of Neto1 on the binding affinity and decay kinetics of KARs. The kainate-binding curve shifted noticeably in Neto1 knockout mice and there was no change in the expression of KARs ( Fig. 3b and Supplementary Figs. 2a and 3a,b) . The K d for kainate calculated from the curve was 48.8 nM in the wild type and 202.6 nM in the Neto1 knockout (see Online Methods). However, the value in the Neto1 knockout is likely to be an underestimation because the binding curve did not reach saturation. Although we could not estimate the K d precisely, Neto1 clearly converts KARs into higher affinity receptors. In addition, we examined the effects of Neto1 on the binding affinity of the GluK2 KAR isoform expressed in HEK cells and found that the affinity curve of GluK2 was shifted substantially by coexpression of Neto1 (Supplementary Fig. 3c ). After solubilization, biotinylated proteins were precipitated with Neutravidin beads to isolate proteins at the cell surface. Most GluK2/3 was detected in the surface fraction, whereas a cytosolic protein, tubulin, was detected in the internal fraction. (e) No obvious change in surface expression of GluK2/3 or GluK5 was observed in acute hippocampal slices from wild-type and Neto1 knockout mice (n = 6). Scale bars represent 50 µm. Data are given as mean ± s.e.m. *P < 0.05, **P < 0.01. 
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To measure the effect of Neto1 on the off-kinetics of kainate from KARs, we measured the kainate-evoked decay kinetics of the KAR complex expressed in tsA201 cells using outside-out patch membranes and a piezoelectric device for ultrafast solution changes 33 . We adjusted the expression ratio of each protein component (GluK2, GluK5 and Neto1) in the transfected tsA201 cells to the ratio in the hippocampus lysate, although we expressed a greater concentration of GluK5, ensuring that we recorded mostly GluK2/5 heteromeric channels (Supplementary Fig. 3d ). Under this condition, we found that Neto1 slowed both desensitization and deactivation of GluK2/GluK5 KAR heteromers and increased the relative ratio of the steady-state and peak amplitudes threefold (mock 2 + 0.45%, n = 7; Neto1 6.3 + 1.1%, n = 12; P = 0.009; Fig. 3c,d and Supplementary Fig. 3e) . From these observations, we postulate that high-affinity KARs in hippocampus likely contain Neto1, which modulates both the affinity of kainate for KARs and the off-kinetics. We also examined glutamateevoked kinetics of the KAR-Neto1 complex expressed in tsA201 cells. As with kainate-evoked kinetics, we found that Neto1 slowed both glutamate-evoked desensitization and deactivation of GluK2/GluK5 KAR heteromers and accelerated recovery from desensitization ( Supplementary Fig. 3f-i) . These results suggest that Neto1 also modulates the KAR affinity for the endogenous ligand glutamate.
Neto1 modulates KAR function in the hippocampus
To directly test whether loss of Neto1 affects KAR function, we first measured kainate-mediated currents in CA3 pyramidal cells, CA1 striatum radiatum interneurons and Purkinje cells in acute hippocampal and cerebellar slices of Neto1 wild-type and knockout mice. To this end, we bath applied 3 µM kainate, a relatively low concentration that is known to be specific for KARs 37 , and recorded kainate-mediated currents in the presence of the AMPAR-selective antagonist GYKI53655 (30 µM). Consistent with the expression of Neto1 in the hippocampus (at both pyramidal cells and inhibitory interneurons, but not in the cerebellum; Fig. 2a ) 38 , kainate-evoked (P < 0.01) inward currents were significantly reduced in CA3 pyramidal cells and CA1 interneurons (P < 0.05), but not in Purkinje cells (P = 0.552) from Neto1 knockout mice (Fig. 4a-c) . The reduction of KAR currents in CA3 pyramidal cells and CA1 interneurons from Neto1 knockout mice could be explained by either a decrease in KAR surface expression or a decrease in channel activity. To distinguish between these two possibilities, we examined KAR surface expression in acute hippocampal slices.
Using a cell-impermeable biotinylated reagent 40 , we confirmed the surface expression of KARs, but not the intracellular protein tubulin, indicating that we only detected proteins at the cell surface (Fig. 4d) . Using this assay, we found no significant differences in the surface expression of GluK2/3 and GluK5 between wildtype and Neto1-knockout littermates (GluK2/3, P = 0.741; GluK5, P = 0.588; Fig. 4e ). Consistent with this result, Neto1 did not increase surface expression of hemagglutinin-tagged GluK2 in expressed heterologously in oocytes (Supplementary Fig. 3f ). These results indicate that Neto1 modulates the channel properties, but not surface expression, of KARs. Moreover, the fact that Neto1 was predominantly expressed in CA3 pyramidal cells, at the stratum lucidum in particular (Fig. 2a,b) , and that [ 3 H]kainate signal was reduced in the CA3 stratum lucidum of Neto1-knockout mice (Fig. 3a,b ) strongly suggest that high-affinity, Neto1-associated KARs are localized at the mf-CA3 postsynaptic compartment.
The slow decay of KAR-mediated EPSCs is determined by Neto1
Could the disparate decay kinetics between recombinant and native KARs be explained by Neto1? To address this question, we monitored KAR-EPSCs in CA3 pyramidal cells 7, 8 . Although mf-CA3 KAR-EPSCs were observed in both wild-type and Neto1 knockout mice, the KAR-EPSC decay kinetics and rise time in Neto1 knockout mice was much faster than that in wild-type mice (decay: wild-type τ, 70 ± 3 ms, 8 cells, 4 animals; knockout τ, 17 ± 2 ms, 9 cells, 4 animals; P = 0.0038; rise time 10-90% : wild type, 2.7 ± 0.2 ms, 10 cells, 5 animals; knockout, 1.6 ± 0.1 ms, 10 cells, 5 animals; P = 0.00025; Fig. 5a,b and Supplementary  Fig. 4) . In contrast, the decay kinetics of AMPAR-and NMDAR-EPSCs were not altered at associational/commissural-CA3 synapses (ac-CA3) and mf-CA3 synapses, respectively (AMPAR decay: wild-type τ, 13 ± 2 ms, 6 cells, 3 animals; knockout τ, 12 ± 2 ms, 6 cells, 3 animals, P = 0.1116; NMDAR decay: wild-type τ, 86 ± 6 ms, 8 cells, 4 animals; knockout τ, 89 ± 6 ms, 8 cells, 4 animals; P = 0.8394; Fig. 5c,d) .
We next assessed whether Neto1 deletion affects the amplitude and relative contribution of the various glutamate receptor subtypes to glutamate receptor-mediated EPSCs. To compare the magnitude of these EPSCs across animals, we calculated AMPAR/NMDAR and KAR/NMDAR EPSC ratios in wild-type and Neto1 knockout mice. We used MK-801, a use-dependent blocker of NMDARs, to determine the NMDAR-mediated component of mf-CA3 EPSCs by holding CA3 pyramidal cells at +30 mV in the presence of the AMPAR antagonist GYKI 53655 (30 µM). The synaptic current remaining in the presence of MK-801, which was sensitive to the KAR antagonist 6-nitro-2,3-dioxo-1,4-dihydrobenzo[f]quinoxaline-7-sulfonamide (NBQX), was quantified as the KAR-mediated EPSC component. 
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Following from this analysis, we found that the KAR/NMDAR ratio was reduced in Neto1 knockout mice relative to wild-type littermates, which could be a result of, at least in part, Neto1-mediated changes in desensitization and/or deactivation of KARs (wild type, 0.17 ± 0.02 6 cells, 3 animals; knockout, 0.11 ± 0.02 6 cells, 3 animals; P = 0.0214; Fig. 5e ) 33 . However, the AMPAR/NMDAR ratio was unchanged at ac-CA3 synapses (ratio: wild type, 2.4 ± 0.2, 5 cells, 3 animals; knockout, 2.3 ± 0.2, 5 cells, 3 animals; P = 0.9291; Fig. 5f ), in contrast with a recent study that found a reduction of the NMDAR-mediated component at the functionally homologous Schaffer collateral to CA1 pyramidal cell synapse 36 . Together, these results indicate that Neto1 specifically modulates not only the kinetics, but also the amplitude, of KAR-EPSCs.
Localization of KARs is independent of Neto1 and its PDZ binding
Neto1 contains a canonical binding motif (-TTRV) of the class I PDZ domain at its C terminus (Supplementary Fig. 1a) . Although the surface expression of the KAR-Neto complex is mediated by KARs, the mechanism for synaptic localization of KARs remains uncertain. The significant changes in KAR-mediated transmission in the Neto1 knockout mouse that we observed (Fig. 5a) could result from the loss of KARs at synapses or changes in receptor function. To address this issue, we evaluated protein distribution and synaptic expression in wild-type and Neto1 knockout mice. GluK2/3 localization was detected at the CA3 stratum lucidum using an antibody to GluK2/3, and no obvious difference was observed in the distribution of GluK2/3 in the hippocampus between wild-type a r t I C l e S and Neto1 knockout mice (Fig. 6a) . High-magnification confocal images showed a loss of the GluK2/3 signal in the hippocampus stratum lucidum in GluK2 knockout mice, with no obvious difference in Neto1 knockout mice (Fig. 6a,b) . Similarly, we did not detect a substantial difference in GluK5 distribution in Neto1 knockout mice, suggesting that Neto1 acts independently of GluK5 ( Supplementary  Fig. 5 ). In addition, we measured protein expression in the PSD fraction. Mouse hippocampi were dissected and fractionated biochemically into each organelle, and Neto1 was strongly detected in the PSD fraction (Fig. 6c) . Using the same method, we found no difference in the expression levels of ionotropic glutamate receptors and synaptic proteins in the PSD from hippocampi from hetero-and homozygous Neto1 knockout mice (Fig. 6d) . Finally, we compared expression of GluN2A and GluN2B in hippocampi from wild-type and Neto1 knockout mice, and did not detect any difference in protein expression at the PSD (Fig. 6d) . From these results, we conclude that Neto1 regulates KAR-mediated transmission through modulation of channel properties, but not synaptic localization.
Neto1 influences KAR-driven charge transfer and spike fidelity
Recent evidence has demonstrated a role for synaptic KARs in mediating spike transmission between granule cells of the dentate gyrus and CA3 pyramidal cells 18 . In light of these findings, we sought to determine how Neto1 may contribute to this process. We found that the charge transfer generated by brief bursts (five pulses) of presynaptic stimulation at 3, 10 and 30 Hz while recording CA3 neurons in the whole-cell voltage-clamp configuration (Fig. 7a) was reduced in Neto1 knockout animals relative to wild-type littermates (Fig. 7b ) (wild type: 3 Hz, 2.01 ± 0.19; 10 Hz, 3.99 ± 0.56; 30 Hz, 4.44 ± 0.80; 7 cells, 3 animals; knockout: 3 Hz, 0.52 ± 0.12, P = 0.0018; 10 Hz, 1.33 ± 0.12, P = 0.0078; 30 Hz, 1.72 ± 0.35 P = 0.0321; 8 cells, 4 animals). Consistent with our previous results indicating a postsynaptic locus of Neto1, the ratio of the amplitude of the fifth pulse to the first pulse was unchanged between these experimental groups, strongly suggesting that there was no change in basal presynaptic function in Neto1 knockout mice (Fig. 7c) . Consistent with this observation, paired-pulse facilitation was normal in Neto1 knockout animals ( Supplementary Fig. 6a,b) . In addition, we tested whether Neto 1 deletion could affect presynaptically expressed mossy fiber long-term potentiation (LTP), but found no difference in the magnitude of LTP between Neto 1 knockout and wild-type mice (Supplementary Fig. 6c,d) .
Finally, we explored the role of Neto1 in spike generation through summation of KAR-mediated excitatory postsynaptic potentials (EPSPs). Spikes were generated in CA3 pyramidal cells by a burst of presynaptic stimulation (30 Hz) such that a spike was elicited after the fourth pulse 50% of the time, as a strategy to normalize the varying input resistances across cells. Under these conditions, we observed a significant decrease in the probability of a spike occurring after the fifth pulse in Neto1 knockout animals compared with wild-type littermate controls (wild type, 83.4 ± 6.4, 7 cells, 3 animals; knockout, 52.1 ± 5.9, 7 cells, 3 animals; P = 0.0025; Fig. 7d,e) . Similar results were obtained under more physiological recording conditions, namely, without pharmacologically isolating KAR-mediated EPSPs (wild type, 79.7 ± 5%, 6 cells, 3 animals; knockout, 63.3 ± 3.8%, 6 cells, 3 animals; P = 0.0025; Fig. 7f ). In addition, analyzing the coefficient of variation in latency of spikes to the stimulation pulse (jitter) revealed that spike jitter was significantly higher in Neto1 knockout mice than in their wild-type littermates (wild type, 0.072 ± 0.005, 3 cells, 3 animals; knockout, 0.64 ± 0.17, 3 cells, 3 animals; P = 0.00013). Neto1 deletion did not affect intrinsic properties of CA3 pyramidal cells (Supplementary Fig. 7) . Together, these results suggest that the efficacy of postsynaptic KARs in mediating spike transmission at the mf-CA3 synapse can be regulated by Neto1.
DISCUSSION
We found that KAR slow kinetics and high-affinity binding in the brain, presumably the two most distinct properties of native KARs, 
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-/-* a r t I C l e S are determined by the auxiliary subunit Neto1. This KAR auxiliary subunit augments the agonist binding affinity and off-kinetics of KARs. In addition, Neto1 controls the decay kinetics and amplitude of KAR-EPSCs by modulating the channel properties, rather than KAR synaptic expression. As a result of this modification, the postsynaptic KAR-Neto1 complex can regulate KAR-EPSC spike generation, indicating a potential role for this complex in modulating neural circuit function. A perennial question in the field has been how the distinct distribution of high-affinity KAR in the brain is defined. Strong [ 3 H]kainate binding signals can be observed in the hippocampal stratum lucidum 6 . However, this experimental approach alone cannot distinguish between binding to pre-or postsynaptic KARs. Here we found that disruption of Neto1 in CA3 pyramidal cells, as indicated by our anatomical, biochemical and electrophysiological evidence, diminished most of the [ 3 H]kainate binding (Fig. 3) , consistent with functional evidence that the KARs in the stratum lucidum are predominantly localized postsynaptically 41 . However, we still detected 50% residual high-affinity KARs in biochemical binding experiments. The residual binding could be the result of KARs associated with the Neto1 homolog Neto2, which is also expressed in CA3 pyramidal cells albeit at lower levels (Fig. 1a) 38 . Alternatively, this binding could reflect presynaptic KARs that lack Neto proteins. An analysis of the Neto1;Neto2 double knockout will be required to distinguish between these possibilities.
Several KAR-binding proteins have been reported to support synaptic localization of KARs, and most are PDZ-binding proteins that recognize the GluK2 PDZ-binding motif 31, 32, 34, 35, 42 . Neto1 possesses a typical class 1 PDZ-binding domain (−TTRV) at its C terminus. Indeed, a PDZ-dependent interaction of Neto1 with PSD-95 was previously reported 36 , although we could not confirm this interaction in vivo (Fig. 1b) . Our findings indicate that loss of Neto1 impairs KAR-mediated synaptic transmission without obvious changes in the distribution of KARs. We therefore conclude that the KAR itself, but not Neto1, possesses the signal for its synaptic localization. Consistent with this possibility, a reduction in synaptic KAR distribution has recently been reported in GluK4/5 double knockouts, indicating that the GluK4/5 subunits partly determine the synaptic localization of the KAR complex 43 . We also found that GluK2/3 binds preferentially to Neto2 in the cerebral cortex, suggesting a robust interaction between GluK2/3 and Neto2 (Fig. 1b) . It is worth noting that the GluK2/3 antibody that we used likely recognizes one of three GluK2/3 splicing isoforms 44 . An alternative scenario is that Neto1 and Neto2 might interact preferentially with specific KAR splicing isoforms.
Another query of longstanding contention has been that the slow decay kinetics of native KAR-EPSCs are significantly different from the fast kinetics of recombinant KARs expressed in heterologous cells. The underlying explanation for this discrepancy has been elusive and various mechanisms have been proposed 1,2,44,45 . For example, KARs could be located extrasynaptically and be activated by glutamate spillover. However, this possibility was discarded early on given that reducing glutamate diffusion and/or antagonizing glutamate re-uptake failed to alter the kinetics and amplitude of KAR-EPSCs 7,10,14 . Another possibility is that the presence of GluK5 could confer slow gating properties to native KARs. However, as GluK5 slows down glutamate-induced currents of recombinant GluK2/5 in heterologous cells 46 , KAR-EPSCs are slightly faster in GluK5 knockout mice 47 . Notably, we found that the decay kinetics of KAR-EPSCs at the mf-CA3 synapse are significantly faster in Neto1 knockout mice than in wild-type mice (Fig. 5a) , strongly suggesting that Neto1 is a major determinant in generating the characteristically slow decay kinetics of native KAR-EPSCs.
A recent study has reported that Neto1 is an NMDAR-interacting protein 36 . Neto1 was found to co-immunoprecipitate with NMDARs and regulate NMDAR-mediated transmission and NMDARdependent LTP in the CA1 region of the hippocampus. In contrast with these findings, we were unable to demonstrate any biochemical interaction between Neto1 and the NMDAR or change in NMDARmediated transmission at synapses impinging on CA3 pyramidal cells where Neto1 is strongly expressed 36, 38, 48 . This apparent discrepancy might be caused by differences in the genetic background of the two Neto1 knockout lines. The Neto1 knockout mice that we used were generated using VGB6 embryonic stem cell lines derived from C57BL/6NT AC and backcrossed with C57BL/6J at least six times, whereas the other Neto1 knockout line 36 was generated using the R1 embryonic stem cells (129X1/SvJ) and backcrossed with C57BL/6J, presumably rendering a 129/BL6 hybrid genetic background. Notably, Neto1 mRNA is strongly expressed in hippocampal CA3 pyramidal cells and CA1 interneurons 36, 38 , a pattern that is more consistent with the functional expression of KARs and our findings that Neto1 is an auxiliary subunit specific to KARs.
In addition to mediating synaptic transmission (for example, KAREPSCs), KARs can also regulate transmitter release 4 . However, we found no functional or anatomical evidence that Neto1 regulates presynaptic KAR function. Our results indicate that the capability of KAR-EPSCs to elicit action potentials from CA3 pyramidal cells in a robust and temporally precise manner is diminished in Neto1 knockout mice. These findings, when viewed in the context of the function of the hippocampal trisynaptic circuit, could be relevant to specific types of hippocampal memory function.
METHODS
Methods and any associated references are available in the online version of the paper at http://www.nature.com/natureneuroscience/.
Note: Supplementary information is available on the Nature Neuroscience website.
